Intracellular protein targeting and membrane translocation are highly regulated events, catalyzed by a cascade of specific interactions and coordinated with protein folding. On pages 9435-9439 of this issue of the Proceedings, Lauring et al. (1) show that the nascent-polypeptide-associated complex (NAC) plays a prominent role in regulating the association of signal recognition particle (SRP) with nascent chains and in preventing the binding of ribosomes with nonsecretory nascent chains to the endoplasmic reticulum. These studies, together with a recent dazzling array of biochemical and genetic studies in canine pancreas, yeast, Escherichia coli, and plant chloroplasts, give us added appreciation for the versatility of SRP function in different organisms and circumstances. SRP is not just for cotranslational targeting anymore but may be viewed as a chaperone and as a GTP-linked system for translocational fidelity.
SRP was first purified as a translocation factor from a salt extract of canine microsomes (2, 3) . It binds with micromolar affinity to ribosomes (2, 3) but with nanomolar affinity to ribosomes with nascent chains bearing a signal sequence. SRP binds signal sequences via its 54-kDa subunit (4, 5) . Once bound, SRP slows or even arrests the growth of the nascent chain (3) until the complex binds to the SRP receptor of the endoplasmic reticulum (6, 7) . This association triggers GTP hydrolysis by SRP and the SRP receptor and SRP dissociation from both the nascent chain and the receptor itself (8) (9) (10) (11) (12) . The effects of SRP on chain growth provide a means for promoting cotranslational translocation, whereas targeting may be achieved by the GTP-regulated cycle with its receptor. However, SRP can function late in chain growth (13, 14) or even with fulllength, ribosome-bound chains (15) , and its capacity to slow translation is not needed for in vitro reconstitution of translocation (16) (17) (18) .
Each aspect of SRP function was first elucidated by careful biochemistry of the mammalian system and then tested in the genetically tractable translocation reactions of Saccharomyces cerevisiae and E. coli. These studies not only have confirmed the importance of SRP for translocation but also have shed new light on its role. In yeast, SRP and its receptor are required for normal growth rates, although the cells can adapt to their absence (19) (20) (21) (22) . Several secreted proteins depend strongly on SRP for translocation, others are strongly stimulated by its presence, whereas others apparently translocate normally in its absence (19) .
E. coli SRP is also essential for growth (23, 24) but has no evident effect on the secretion of many proteins and only a minor kinetic effect on others (23) (24) (25) . This SRP does, however, have a large effect on the secretion of pre-,B-lactamase, a well-studied periplasmic enzyme (25, 26) . Strikingly, pre-13-lactamase is exported entirely posttranslationally (27, 28) (31) .
The most striking confirmation of the chaperone role of SRP comes in studies of chloroplast protein import (32) . The nuclear-encoded precursor form of the lightharvesting chlorophyll a/b protein is synthesized on cytoplasmic polysomes and imported across two membranes into the matrix. There, it associates with a complex that contains the chloroplast homolog of the 54-kDa subunit of SRP, which is required for subsequent import of the precursor into the thylakoid. This study, in agreement with other model studies (33, 34) , clearly establishes the capacity of SRP to support posttranslational translocation in a nonribosomal context.
The elegant studies of Wiedmann and colleagues provide an important piece of the puzzle. They have found that NAC is a heterodimeric protein (35) , which forms the shared "exit tunnel" from the ribosome (36) . It competes with SRP for association with nascent chains; SRP has a higher affinity for nascent chains with a signal sequence, whereas NAC has a lower affinity for these same sequences. The association of a nascent chain with NAC not only prevents SRP association, which may otherwise lead to mistargeting and aberrant translocation, but also blocks ribosome association with the endoplasmic reticulum membrane (1) . Indeed, in the absence of NAC, the system becomes independent of SRP and SRP receptor, and the affinity of ribosomes for the Sec6l complex is sufficient to target a nascent chain to the translocation site (37, 38) . Translocation in this case is still strongly enhanced by a functional signal sequence, suggesting additional steps of SRPindependent signal sequence recognition (38) (40) , and that of the signal sequence itself for the Sec6l complex (38) and for lipid (41, 42) . The regulation, hierarchy of binding affinities, and temporal order of these three inter-actions are still under study. The interaction of SRP with its receptor triggers GTP binding and hydrolysis and the release of SRP from both the nascent chain and the SRP receptor (11, 12) . NAC adds selectivity to the association of SRP with signal sequences and the association of ribosomes with the Sec6l complex; its discovery and characterization by the Wiedmann group has added an important dimension to our understanding of translocation.
